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Introduction
Small bowel distension (maximal small bowel diameter ≥2.5 cm) on plain abdominal radiography (PAR) indicates the presence of a small bowel disorder with impaired transit of intestinal contents. [1] [2] [3] [4] [5] [6] [7] This disorder is commonly subdivided into small bowel obstruction (SBO), which result from intrinsic luminal obstruction or extrinsic compression, and small bowel ileus (SBI), which result from intestinal autonomic nervous system dysfunction, eventually delaying the transit of intestinal contents. 1, 8 Abdominal computed tomography has recently been regarded as a more accurate imaging tool than PAR in differentiating between SBO and SBI, [8] [9] [10] but PAR is still advocated by some authors as the initial modality of choice for such differentiation. 4, 6, [11] [12] [13] However, it would be inappropriate to apply the results of prior studies directly to an emergency setting, because those study populations were limited to patients who were clinically suspected of having SBO or who were in a post-operative period.
Recent research has raised questions concerning the effectiveness of known classic signs (such as air-fluid levels and differential air-fluid levels) on PAR for differential diagnosis between SBO and SBI. 2, [14] [15] [16] And, to our knowledge, clinical differences between SBO and SBI have not been previously investigated.
Small bowel distension on PAR is frequently found among patients with abdominal pain visiting the emergency room. For these patients, differentiation between SBO and SBI is crucial to decide treatment. 17, 18 Although classic plain radiographic signs for differential diagnosis between SBO and SBI are commonly used by physicians, the effectiveness of these signs on differential diagnosis has not been vigorously studied. 2, 15, 16, 19 Awareness of their real effectiveness might facilitate correct diagnosis. In addition, awareness of the clinical differences between SBO and SBI might help physicians to establish a diagnosis and predict the patient's prognosis. 17 The purpose of our study was to evaluate the accuracy of PAR in differentiating between SBO and SBI in emergency room patients complaining of abdominal pain. We modulated the classic signs into simplified forms that can be easily used in an emergency setting, and we evaluated their effectiveness. We also evaluated the clinical differences between the two groups. 
Methods
We conducted a retrospective review of radiologic findings and medical charts for those patients who had abdominal pain and small bowel distension on PAR. This study was conducted at the emergency room of a tertiary referral university hospital in South Korea. The study period was from January 2008 to June 2008. This study was approved by our institutional review board, and informed consent was waived.
We confined the study group to patients who had undergone both erect and supine PAR views, taking into consideration the possible influence of position on the radiographic findings. We further confined the study group to patients who had undergone successive abdominal computed tomography in order to enhance the accuracy of the final diagnosis and to facilitate confirmation of the causative disease. 5, 6, [8] [9] [10] [11] [12] [13] [20] [21] [22] We selected 10 radiographic signs that can be easily applied in the emergency setting from among the known classical signs for differential diagnosis between SBO and SBI. [1] [2] [3] 7, 15, 16, 19, 23 These signs included air-fluid level, differential air-fluid level, string-of-beads sign, stretch sign, decreased colon gas, number of air fluid levels, number of differential air-fluid levels, maximal width of air-fluid level, maximal small bowel diameter, and maximal colon diameter (Table 1) .
One radiologist and one emergency physician with 7 years of experience reviewed the radiographs together without any knowledge of the patients' clinical data; they evaluated the presence or numeric value of the 10 radiographic signs in consensus. Air-fluid levels, differential air-fluid levels, string-of-beads sign, stretch sign, and decreased colon gas were documented as being present or absent (existence or non-existence). The number of air fluid levels, differential air-fluid levels, maximal width of air-fluid level, maximal small bowel diameter, and maximal colon diameter were documented in the form of numeric values. Only airfluid levels that measured more than 10 mm in diameter were counted in the number of air-fluid levels, small air-fluid levels that measured less than 10 mm in diameter were classified as string-of-beads sign ( Figures  1 and 2 ). Some ambiguity of standards was inevitable because no definite diagnostic cut-off values currently exist. Table 1 . The definitions of the 10 radiological signs for differential diagnosis between small bowel obstruction and small bowel ileus
Radiological signs Definitions
Air-fluid levels A sharp flat horizontal line representing the interface between gas density above and fluid density below.
Differential air-fluid levels Two different air-fluid levels in the same small bowel segment.
String-of-beads sign Air-fluid levels measured as less than 10 mm in diameter. They typically arrange consecutively like string-of-beads.
Stretch sign
Abnormal distension of predominantly fluid-filled small bowel loop where the luminal gas has a striped appearance oriented perpendicular to long axis of the bowel.
Decreased colon gas Diffuse decrease or absence of gas in the colon loop.
No. of air-fluid levels The number of air-fluid levels that measured more than 10 mm in diameter.
No. of differential air-fluid levels The number of differential air-fluid levels.
Maximal air-fluid level width (mm) The width of largest air-fluid level.
Maximal small bowel diameter (mm) The diameter of maximally distended small bowl loop.
Maximal colon diameter (mm)
The diameter of maximally distended colon loop.
Bi-categoric signs (existence/ non-existence)
Numeric signs The final diagnoses of SBO and SBI were established by a combined analysis of medical charts, surgical records, and radiographic findings on abdominal computed tomography studies and small bowel series. We placed surgical records and radiographic findings on abdominal computed tomography first. 7, 8, [24] [25] [26] [27] In addition, we recorded any history of previous abdominal surgery, performance of emergency abdominal surgery, occurrence of death, and causative disease noted on medical records.
The differential diagnoses based on PAR were compared with the final diagnoses, and the sensitivity and specificity of PAR were calculated. The relationships between the radiographic signs and the final diagnoses were studied by univariate analysis and logistic regression analysis. A receiver operating characteristic (ROC) curve was drawn to calculate the cut-off values of numeric signs that had shown statistically significant results. Finally, a stepwise binary logistic regression analysis was performed to establish the significant predictors for diagnosis. For this process, numeric form signs were converted to categorical form by using the cut-off values.
We compared the existence or non-existence of previous abdominal surgery history, performance or non-performance of emergency abdominal surgery, and death or life between the two groups by a Pearson's chi-square test or a Fisher's exact test. Compositional differences of causative diseases between the two groups were simply compared.
Statistical analyses were performed using SPSS 11.5 (SPSS Inc, Chicago, Illinois, USA) and SAS 9. Figure 3 ).
Among the 50 patients whose final diagnosis was SBO, 41 were assessed as SBO on PAR. Among the 166 patients whose final diagnosis was SBI, 160 were assessed as SBI on PAR. Consequently, the sensitivity and specificity of PAR were 82.0% and 96.4%, respectively.
All the signs, except maximal colon diameter, showed significant statistical association with the final diagnoses (p<0.001) ( Table 2 ). The AUCs of ROC curves were 0.884 for number of air-fluid levels, 0.805 for number of differential air-fluid levels, 0.881 for maximal air-fluid level width, and 0.871 for maximal small bowel diameter ( Figure 4 ). As determined by ROC curve analysis of the statistically significant numeric form signs, cut-off values for discriminating SBO were as follows: more than 2 levels in number of air-fluid levels, more than 1 level in number of differential air-fluid levels, more than 31.5 mm in maximal air-fluid level width, and more than 37.5 mm in maximal small bowel diameter (Table 3 ).
In the stepwise binary logistic regression analysis, presence of differential air-fluid levels and presence of stretch sign, maximal air-fluid level width more than 31.5 mm, maximal small bowel diameter more than 37.5 mm were significant independent predicting factors for final diagnosis (Table 4 ). The existence or non-existence of previous abdominal surgery history and performance or non-performance of emergency abdominal surgery showed statistically significant differences (p=0.001, 0.002). In contrast, death or life did not show statistically significant differences between the SBO and SBI groups on final diagnosis (p=0.624) ( Table 5) .
Post-operative adhesive ileus cases were the overwhelming majority for causative disease of SBO (56%), and inguinal hernia, umbilical hernia, intussusception, inflammatory bowel disease, tumour, abscess, and foreign body causing mechanical obstruction in the bowel cavity were less frequent causes. The causative diseases of SBI were relatively evenly distributed although hepato-biliary disease, appendicitis, and gastroenteritis were slightly more prevalent than others (Table 6 ).
Discussion
The definition and classification of small bowel disorders with impaired transit of intestinal contents have been confusing. Diverse classifications and terms have been used in the clinical field. Some apply "ileus" only to the functional disorder and others apply it to both structural and functional disorders. 1, 2, 8, 28, 29 SBO, mechanical obstruction, mechanical ileus, and obstructive ileus have been used as terms that mean a small bowel disorder with impaired transit of intestinal contents due to intrinsic luminal obstruction or extrinsic compression. In contrast, SBI, nonobstructive ileus, adynamic ileus, paralytic ileus, and postoperative ileus have all been used as terms that mean a small bowel disorder with impaired transit of intestinal contents due to functional impairment. 1, 2, 7, 8, 28, 29 Some authors subdivide SBI into spastic ileus, hypotonic ileus, and paralytic ileus according to the mechanism of abnormal motility. Some authors do not use the bisectional concept of SBO and SBI, but instead use gradual classification of normal small bowel gas pattern, abnormal but nonspecific small bowel gas pattern, probable small bowel obstruction pattern, and definitive small bowel obstruction pattern. 7, 30, 31 Despite the controversies mentioned above, using the terms SBO and SBI seems rational, because the presence or absence of structural obstruction is the most important consideration in clinical decision making, and this simple bisectional classification is widely used in the clinical field and can prevent confusion regarding the use of the term "ileus" among physicians.
In our study of emergency department patients who had abdominal pain and small bowel distension on the PAR, the sensitivity and specificity of PAR for SBO were 82.0% and 96.4%, respectively. These results are far superior to the results of other plain radiographic studies conducted with patients clinically suspected of having SBO (sensitivity 63-77%, specificity 50-78%). 4, 9, 12 Moreover these results nearly approach some of the reported sensitivities and specificities of abdominal computed tomography studies. 4, 9, 12, 32 According to our results, PAR should be regarded as a valuable initial tool in the emergency setting for differential diagnosis of small bowel disorders with impaired transit of intestinal contents. PAR is better in excluding SBO (diagnosing SBI) than in diagnosing SBO, because its specificity is superior to its sensitivity.
Since Frimann's classic study, 14 air-fluid level and differential air-fluid level have been used to detect SBO. However, succeeding investigators viewed these signs as non-specific, although more frequent in SBO, because these signs could also be seen in cases of SBI. 1 Other signs such as the string-of-beads sign, the stretch sign, and decreased colon gas have not been verified as specific. 2 Recently, Lappas et al 2 and Thompson et al 16 evaluated the effectiveness of various classic signs on PAR through subdivision and numeric conversion of these signs. The subjects of these studies were limited to patients clinically suspected of having SBO, in contrast to our study, which included any emergency room patients with small bowel distension on PAR and abdominal pain. The study by Lappas et al 2 was also different from ours in that they subdivided small bowel disorders into high-grade SBO versus low-grade SBO and SBI.
In our study, most of the plain radiographic signs were found to occur significantly more frequently in the final SBO group than in the final SBI group. These differences were more prominent in our study than in the results of other studies. 2, 15, 16 In our study, only maximal colon diameter was not significantly different between the two groups (p=0.2516); this result was contrary to the study of Thompson et al 16 in which e x p a n d e d c o l o n f i n d i n g s were s i g n i f i c a n t l y more frequent with SBI than with SBO. Further investigation is warranted to determine the effectiveness of using a finding of collapsed colon as a diagnostic factor for SBO.
Lappas et al
2 reported that the incidences of string-ofbeads sign were not significantly different between high-grade SBO versus low-grade SBO and SBI (39% and 23%, respectively; p=0.15). Thompson et al 16 also reported that the incidence of string-of-beads sign was merely 10% in SBO and 1.7% in SBI although a significant difference was present between the two groups (p<0.001). Contrary to these results, in our study the difference in the incidences of string-of-beads sign was significant and prominent (26% in the final SBO group, 1.2% in the final SBI group; p<0.001). Harlow et al 15 reported that the frequencies of differential air-fluid levels were 52% in the SBO group and 29% in the SBI group. In our study, a more pronounced difference in the frequencies of differential air-fluid levels was demonstrated between the two groups (64% for SBO and 4.2% for SBI; p<0.001).
The specificity of each numeric sign exceeded its sensitivity at cut-off value points on the ROC curves. This suggests that numeric signs are more effective in the exclusion of SBO than in its inclusion. This conclusion is consistent with the overall greater specificity than sensitivity of the PAR reading in our study.
The incidences of previous abdominal surgery history and emergency abdominal surgery performance were significantly more frequent in the SBO group than in the SBI group. This seems to be reflective of the fact that a large number of the final SBO-group patients underwent adhesionolysis due to post-operative adhesions. The incidence of death was not significantly different between the two groups, which may imply an absence of a direct relation between the general condition of the patient and presence or absence of intestinal obstruction.
Miller et al 33 reported the most frequent causative diseases of SBO in this order: post-operative adhesion, inflammatory bowel disease, and malignant tumour. Laws and Aldrete et al 34 reported the frequency in the order of post-operative adhesion, malignant tumour, and hernia. In our study, post-operative adhesion was the most common causative disease of SBO, although the frequency we found (56%) was lower than in the frequencies found in the prior studies (74% and 69%). Our study found hernia and malignant tumour were the next most common causative diseases (10% each). The frequency of inflammatory bowel disease was relatively low compared to the results of prior studies; this is likely due to racial differences in the distribution of this disease between Oriental and Western patients. SBI is caused by dysfunction of the intestinal autonomic ner vous system due to peritoneal inflammation, ascites, pain, haemodynamic instability, drug reaction, electrolyte imbalance, trauma, or other causes.
1,2,35 Individual frequencies of SBI in patients with abdominal pain, appendicitis, and cholecystitis have been mentioned in previous studies, 18 ,36,37 but we believe our study is the first to investigate the types and frequencies of causative diseases in SBI. In our study, there was an even distribution of the abdominal diseases that were found to be causative of SBI. This might be explained by the fact that most abdominal diseases are accompanied by one or more factors that can cause dysfunction of the intestinal autonomic nerve system, including peritoneal inflammation, ascites, pain, haemodynamic instability, and electrolyte imbalance. The incidences of biliary disease and tumour were relatively high in our study, while the incidence of non-specific abdominal pain was relatively low. This finding may be the result of the generally high disease severity of this study group originating from the emergency room of a tertiary referral hospital.
Although small bowel studies such as enteroclysis have been regarded as one of the most accurate radiographic examinations for the diagnosis of SBO, these studies are not suitable for emergency services because of they are time-consuming. 7, [24] [25] [26] [27] With the recent widespread use of multi-detector computed tomography, the sensitivity of computed tomography in the diagnosis of SBO has been reported as nearly 100%. 6, 38 Given that computed tomography can also identify the cause of SBO, it is regarded as the most appropriate final radiographic examination available during emergency services. 5, [7] [8] [9] [10] 12, 13, [20] [21] [22] 39, 40 Among the non-surgical cases in our study, computed tomography was used as the actual standard for final diagnosis, with the exception of one patient who underwent a small bowel study.
Although PAR is the most rapid and the most convenient radiographic examination in the initial evaluation of abdominal pain, there have recently been many controversies concerning its effectiveness. Some authors advocate computed tomography as a more effective initial radiographic examination than PAR for patients with abdominal pain. 18, [40] [41] [42] However, routine performance of computed tomography on all patients with abdominal pain is difficult to carry out, due to practical limitations such as delay of the treatment process, increased radiation exposure, and increased medical expense. Using PAR to examine components that it best detects or differentiates can be effective for reducing the demand for abdominal computed tomography.
There were several limitations to our study. First, because it was a retrospective design, selection bias was inevitable. Furthermore, selection bias could have been generated from the inclusion criteria of successive abdominal computed tomography, which might imply that our study population showed increased disease severity. Second, only one radiologist participated as a reviewer. However, adding the clinical experience of an emergency physician to the interpretation might lead to more relevant results for the intention of this study than would the co-review of multiple radiologists since our study was targeted to an emergency room setting. Third, the degree of bowel obstruction was not assessed. However, from the point of view of emergency treatment, accurate screening of patients with SBO and rapid referral of these patients to a surgeon was more impor tant than fur ther discrimination between high-grade SBO and partial SBO.
In conclusion, PAR is a valuable initial radiographic examination in the differentiating SBO from SBI, and the diagnostic accuracy of PAR nears that of computed tomography. Most of the classic radiographic signs (except decrease of colon diameter) are useful on differentiating between SBO and SBI among patients suffering from small bowel dilatation as shown on X-ray.
